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Istituto di Morfologia Umana Normale, Universita di Chieti and *Istituto di Citomorfologia Normale e Patologica del CNR, Chieti, Italy ABSTRACT. The presence of body-like structures in nuclei from interferon alpha-treated Daudi cells has been shown on the ultrastructural level, by the use of different staining methods. The degree of their rearrangement in the nucleoplasm seems to be dependent on the time of interferon treatment. Since this morphological evidence has been found to be preceded by a slowing down of RNA transcriptional machinery early upon the interferon administration, it is speculated that interferon generated signals might lead to RNP granule accumulation in the nucleus and a consequent arrangement into defined structures.
In recent years the mechanisms related to the transcriptional events such as processing and packaging of RNAs in the cell nucleus have been largely investigated, but so far, not completely clarified (16, 34, 32, 28) . A number of investigations have shown that nascent RNA chains are associated with, and compacted by proteins which can produce a regular arrangement of particles of different sizes or be distributed irregularly but non-randomly (27, ll, 9, 1 
MATERIALS AND METHODS
Cell culture and interferon treatment. Daudi cells were grown in stationary suspension culture at densities of 5 x 105 /ml in RPMI 1640 medium supplemented with 10% foetal calf serum, glutamine, penicillin-streptomycin and neomycin. Viability was determined by the trypan blue exclusion test. For experiments cells were treated with 500 I.U./ml of recombinant interferon alpha type A (Hoffmann-La Roche) for periods up to 72 hours. Isolation of nuclei. Cells were resuspended in a buffer containing 2mM MgCl2, 10mM Tris-HCl, pH7.4, 0.1mM PMSF and 0.6% Triton X-100. The suspension was passed four times through a syringe, then MgCl2 concentration was brought to 5 mM and nuclei recovered by low-speed centrifugation (i.e. 600xg for 10min). In vitro RNA synthesis. For the kinetic analysis of in vitro RNA synthesis, incubations were performed at 25°C for indicated times in a final volume of 300 [t\ containing 25 mM TrisHCl, pH8.0, 150mM KC1, 1.5mM dithiothreitol, 5mM Mg(Ac)2, 1 mM each ATP, CTP and GTP, 0.1 mM [3H]UTP (175 cpm/pmol) and 15 x 106 nuclei. Aliquots of the reaction mixture were spotted, at the indicated times, on glass fiber filters (Whatman GF/C) and immersed in ice cold 5% TCA and 1% sodium pyrophosphate for a minimum of 10min (21). Filters were washed in 1 N HC1 and in ethanol, then air dried and counted in a nonaqueous scintillation fluid. The assay of RNA polymerase I activity was performed in the control and in 90-min treated nuclei in the presence of alpha amanitin (200 /fg/ml) (29).
Silver staining. Daudi cells were washed in PBS and fixed in 1.6% glutaraldehyde in 0. 
RESULTS
The effect of DNA human recombinant interferon alpha on Daudi cell growth rate is reported in Fig. 1 grown in unstirred suspension culture, double in number approximately every 30 hours. As shown, this cytokine progressively reduces cell growth within 36 hours and up to 3 days. Trypan blue exclusion test indicated that majority of the cells were still viable at least up to 3 days of interferon treatment. The ultrastructural analysis of control and treated cells has been performed by comparison of samples using the bismuth and silver staining techniques.
In Fig. 2 ultrathin sections of control and interferon-treated samples after bismuth staining are shown. Sections evidence a progressive arrangement of perichromatin granules into body-like structures in treated samples with respect to the control. The occurrence of these body-like structures along with their condensation level increases with the time of interferon treatment (Table II and Fig. 2) . In order to better characterize the nature of these body-like structure, silver staining and Bernhard's techniques were applied. Results (Fig. 3 ) disclosed that these structures can be detected also by silver staining due to their ribonucleoprotein nature.
Furthermore, Bernhard's method has revealed that they were not bleached by EDTA suggesting that, most likely, they do not contain DNA (Fig. 4) . It is worth noting that the occurrence of these morphological rearrangements is preceded by an early inhibition, with respect to the control, of in vitro total RNA synthesis in the isolated nuclei which is evident only up to 8 hr of treatment. Fig. 5 , in fact, shows a distinct reduction of 3H-UMP incorporation occurring early after interferon treatment which is progressively restored to control values within 8 hr. To further investigate the involvement of transcription process, the following were performed: upon interferon treatment, nuclei were incubated in the presence of alpha amanitin at a concentration of 200 fig/ml, which has been reported to inhibit RNA polymerases II and III. This allows us to monitor the effect of interferon on RNA polymerase I activity, which is responsible for rRNA synthesis. Table I shows with respect to the control, a reduction of the enzyme activity which is maximal at/or around 90 min of interferon treatment and returns to the control level within 8 hr of treatment.
DISCUSSION
The complexity, variety and versatility of RNP particles have emerged over the past few years from a large number of reports which have stressed their involvement in each step of the pathway of gene expression in eukaryotic cells (10, 17, 26) . Here we report an intriguing rearrangement of RNP polyparticles into clusters which, often, can be observed around the periphery of the nucleolus and whose complexity level seems to increase with the time of interferon treatment. BernharcTs method which, revealing the absence or very slight occurrence of EDTA bleaching, strongly rules out for the DNA content of these structures. It is likely that bismuth and silver revealed granules derived from part of the RNA complexed into fibrils folded into a structure visualized as that of perichromatin granules which must be transported to the cytoplasm for subsequent protein processing (22). The finding of such clusters, of which the main RNP composition has been determined, allows us to speculate on the idea of an impairment of transcriptional machinery by interferon-generated signals in the nucleus. Furthermore, the result of an early decrease of in vitro RNA transcription occurring upon interferon treatment, which may induce the accumulation of the RNP granules in the nucleus and, in turn, their arrangement into dense bodies during the time of interferon treatment is of much interest. Since the inhibition of interferon on cell proliferation becomes evident around 24 hr after treatment, the possibility of a cascade of early signals generated by the interactions of this cytokine with cell surface receptors (37, 24, 5, 6, 8) can be envisaged leading to the occurrence, at ultrastructural level, of such body-like structures. The possibility of association of these structures to the elsewhere reported nuclear dense bodies (2, 36, 33), whose presence in the nucleoplasm has been related to cell activity, remains to be investigated. 
